A polyphasic approach was used to characterize an aerobic, Gram-negative, rod-shaped bacterium (designated strain CC-KL-3 T ) isolated from a hot spring. Phylogenetic analyses based on 16S rRNA genes indicated that strain CC-KL-3 T showed highest sequence similarity to Hydrogenophaga bisanensis (97.7 %) and Hydrogenophaga atypica (97.6 %) and lower sequence similarity to other species (less than 97.6 %). The levels of DNA-DNA relatedness between strain CC-KL-3 T , H. bisanensis and H. atypica were estimated to be 13.0 and 8.7 % (the reciprocal value was 14.7 and 6.3 %). Strain CC-KL-3 T was non-motile, without apparent flagella and able to grow between 15-42 C (optimal 30 С), pH 6.0-8.0 (optimal 7.0) and 0-2 % (w/v) NaCl (optimal 0 %). The DNA G+C content was 61.4 mol% and the major quinone system was ubiquinone (Q-8). The polyamine profile revealed the predominance of 2-hydroxyputrescine and putrescine and the dominant cellular fatty acids were C 16 : 0 (28.9 %), C 16 : 1 !7c/C 16 : 1 !6c (41.4 %) and C 18 : 1 !7c/C 18 : 1 !6c (11.9 %). These data corroborated the affiliation of strain CC- T to the genus Hydrogenophaga. Based on the distinct phylogenetic, phenotypic and chemotaxonomic traits, and the results of comparative 16S rRNA gene sequence analysis, strain CC-KL-3
The genus Hydrogenophaga was first proposed by Willems et al. [1] and described with the reclassification of Pseudomonas species as Hydrogenophaga flava, Hydrogenophaga palleronii, Hydrogenophaga pseudoflava and Hydrogenophaga taeniospiralis, which belong to the family Comamonadaceae, order Burkholderiales, class Betaproteobacteria and phylum Proteobacteria. Subsequently, five further species, Hydrogenophaga bisanensis [2] , Hydrogenophaga intermedia [3] , Hydrogenophaga atypica and Hydrogenophaga defluvii [4] , and Hydrogenophaga caeni [5] isolated from wastewater and activated sludge have been also described. Recently, Hydrogenophaga luteola, isolated from reed pond water was proposed [6] . Until now, 11 species of the genus Hydrogenophaga have been described, however, the names of another four species isolated from compost, anodic biofilms, mixed culture and tube well water, 'Hydrogenophaga temperata' [7] , 'Hydrogenophaga electricum' [8] , 'Hydrogenophaga carboriunda' [9] and Hydrogenophaga laconesensis [10] , respectively, are not yet validated.
Members of the genus Hydrogenophaga are aerobic or facultative anaerobic, Gram-stain-negative, straight to slightly curved rods and produce a non-diffusible yellow pigment [1, 5, 9] . Species of Hydrogenophaga are positive for oxidase activity and variable activity for catalase [1] . The main cellular fatty acids are C 16 : 0 , C 16 : 1 !7c and/or C 16 : 1 !6c, and C 18 : 1 !7c and/or C 18 : 1 !6c as the major fatty acids [2, 6, 8] . The polyamine pattern shows a predominance of 2-hydroxyputrescine and putrescine [1] . The DNA G+C content ranges from 61.6 to 69.9 mol% [5, 7] and the predominant quinone system is ubiquinone-8 (Q-8) [1] .
While investigating the diversity of bacterial population, a spring water sample was collected from the Jhihben hot spring located at Taitung county, Taiwan (22  69¢30.7¢¢N  121 01¢87.6¢¢E) and stored in a sterilized plastic tube at room temperature. After returning to our laboratory, bacterial strains were isolated from the sample by using a standard serial dilution-plating technique in 0.85 % NaCl (w/v). The suspension was placed on nutrient agar (NA, HI-MEDIA) and incubated at 30 C for 2 days. Multiple colonies were isolated and identified by 16S rRNA gene sequencing. Based on the 16S rRNA gene sequencing, one strain, designated CC-KL-3 T , appeared to represent a novel species of the genus Hydrogenophaga. Strain CC-KL-3
T was routinely grown aerobically on NA at 30 C for 2 days and stored at -80 C in nutrient broth (NB, HI-MEDIA) supplemented with 30 % (v/v) glycerol for long-term preservation.
The present study was carried out to clarify the taxonomic status of a presumably novel bacterium by using polyphasic taxonomic methods, including 16S rRNA gene sequence analysis and physiological, biochemical and chemotaxonomic analyses. For taxonomic purpose, the reference strains for this study were H. atypica DSM 15342
T and H. bisanensis KCTC 12980 T , which were obtained from Deutsche Sammlung von Mikroorganismen und Zellkulturen and the Korean Collection for Type Cultures (KCTC). Bacterial genomic DNA for 16S rRNA gene amplification and the determination of G+C content was extracted from agar plates (NA, 30 C for 2 days) by using a commercial DNA extraction kit (MO BIO UltraClean). PCR was performed with bacterial universal primers pA and pH*, primers pC, pE and pD* were used for sequencing reactions [11] . Gene cycle sequencing was performed by using the Bigdye terminator kit [12] and an ABI 3730 Genetic Analyzer (Applied Biosystems). The DNA fragments encoding for 16S rRNA were assembled using the Vector NTI 9.0 software (IBI) and deposited in the GenBank database using the sequin software tool. Closely related 16S rRNA gene sequences were retrieved from the EzBioCloud server (www.ezbiocloud.net/; [13] ) and the GenBank database and aligned by using the CLUSTAL_X (1.83) program [14] . The phylogenetic analysis was performed with MEGA 6 software version 6.0 [15] . Phylogenetic trees were reconstructed by using 16S rRNA gene sequences with neighbour-joining [16] , maximum-likelihood [17] and maximum-parsimony [18] methods and evaluated by using bootstrap analyses [19] T . DNA samples were loaded on to positively charged membranes as described by Saitou and Nei [16] and Seldin and Dubnau [21] . Chromosomal DNA of the strains was used to construct hybridization probes by labelling with digoxigenin-11-dUTP. The experiment was carried out in triplicate for each sample. The DNA-DNA relatedness values between strain CC-KL-3
T , H. atypica DSM 15342 T and H. bisanensis KCTC 12980
T were estimated to be 13.0 and 8.7 % (the reciprocal value was 14.7 and 6.3 %), which were well within the reported threshold (70 %) for species distinction [22] . Thus, the DNA-DNA relatedness value and the phylogenetic data supported the notion that strain CC-KL-3
T is a novel species of the genus Hydrogenophaga. Furthermore, the phylogenetic trees reconstructed by using 16S rRNA gene sequences with neighbour-joining, maximum likelihood and maximum-parsimony methods also indicated that strain CC-KL-3
T represents a separated lineage from members of the genus Hydrogenophaga with high bootstrap support (Fig. 1 ). The phylogenetic position was quite stable as evidenced through minimum-evolution and maximum-likelihood algorithms. Phylogenetic analysis of Hydrogenophaga species based on 16S rRNA gene sequences. Distances and clustering were performed by using neighbour-joining method with the software package MEGA version 6. Open circles indicate that the corresponding nodes were recovered in the tree constructed based on the maximum-likelihood algorithm; filled circles indicate that the corresponding nodes were also recovered based on maximum-likelihood and maximum-parsimony algorithms. Bootstrap values (>50 %) based on 1000 replications are listed as percentages at the branching points.
Colony morphology, presence of flagella and morphology of the cells of strain CC-KL-3 T were investigated by using the colonies/cells grown on NA. Cell morphology was observed by transmission electron microscopy (JEOL JEM-1400) with 0.2 % uranyl acetate staining as well as by light microcopy (model A3000, Zeiss). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioM erieux). Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution [23] . Growth of the strain CC-KL-3
T was tested on marine agar (MA, Difco), tryptic soy agar (TSA, Difco) and R2A agar (Oxoid). The Gram-staining experiment was performed as described by Murray et al. [24] . Hydrolysis of gelatin, skimmed milk, starch (1 %), Tweens 20, 40, 60 and 80 (1 %) were determined as previously described [25] [26] [27] . H 2 S production was checked on both 3 g l À1 Na 2 S 2 O 3 and 0.1 g l À1 cysteine. Degradation of DNA was tested using DNase agar (HI-MEDIA), with DNase activity detected by flooding plates with 1 M HCl [28] .
Growth at different temperature ranges was investigated in NB at 4, 15, 20, 25, 30, 37, 42, 47 and 50
C with 72 h incubation period. The requirement for NaCl was determined by using an NB medium containing 0-10 % (1 % increments in NB). Cell growth at various pH (4.0-10.0, in intervals of 1.0 pH unit) was examined using the following buffer systems: pH 4.0-5.0 : 0.1 M citric acid/0.1 M trisodium citrate; pH 6.0-8.0 : 0.2 M Na 2 HPO 4 /0.2 M NaH 2 PO 4 ; pH 9.0-10.0 : 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 . Anaerobic growth was tested on NA supplemented with potassium nitrate (0.1 %, w/v) using an anaerobic chamber (COY) filled with H 2 : CO 2 : N 2 (5 : 19 : 76) gas. Oxidation of carbohydrates was determined by using a GN2 MicroPlate system (Biolog). Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin, and assimilation of different substrates were tested with API 20NE strips (bioM erieux, France). API 20NE and API ZYM strips (bioM erieux) were used to determine the physiological and biochemical properties according to the instructions of the manufacturer.
Colonies of strain CC-KL-3
T were yellowish in colour, raised and circular after 2 days of incubation on NA. Observation with transmission electron microscopy showed that strain CC-KL-3
T was a rod-shaped bacterium without flagellum (Fig. 2) . Strain CC-KL-3 T was positive for oxidase and catalase activities but negative for DNase activity. Strain CC-KL-3
T was able to grow at 15-42 C, pH range from 6.0 to 8.0, adapt to 2 % (w/v) NaCl in NB. No T were incubated to a similar physiological age with similar growth kinetics. For the extraction of fatty acid methyl esters (FAMEs), strain CC-KL-3 T was cultured simultaneously on NA for 48 h at 30 C, harvested at exponential phase and subjected to saponification, methylation and extraction [29] . FAMEs were prepared, separated and identified according to the standard protocol [30] of the Microbial Identification System (MIDI) [31] by using a gas chromatograph (Agilent 7890A) fitted with a flame ionization detector. Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0). Table 2 indicated that the major fatty acids (>5 %) in strain CC-KL-3 T were C 16 : 0 (28.9 %), summed feature 3 (41.4 %) and summed feature 8 (11.9 %), which were consistent with most reference strains [1, 2, 4, [6] [7] [8] . On the other hand, strain H. atypica DSM 15342 T contained higher amounts of C 17 : 0 , C 15 : 1 !6c, C 17 : 1 !6c and less C 16 : 0 , which was rather different from other Hydrogenophaga species and have been described [2, 4, 7] . Cells were cultured on NA for 48 h at 30 C (exponential phase) and prepared for analysing polyamines as described by Scherer and Kneifel [32] by high-performance liquid chromatography (HPLC). The dansyl derivatives were separated by using a Hitachi L-2130 equipped with a Hitachi L-2200 autosampler, a Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm) and a reverse-phase C18 column (Phenomenex Synergi Fusion-RP80, 250Â4.60 mm, 4 µm particle size). Isoprenoid quinones were purified by the method of Minnikin et al. [33] and analysed by HPLC as described by Collins et al. [28] . For analysis of DNA G+C content, DNA samples were prepared and degraded enzymatically into nucleosides as described by Mesbah et al. [34] . The nucleoside mixture obtained was then separated via HPLC (Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, a Hitachi L-2455 diode array detector and a reversephase C18 column (Phenomenex Synergi 4 Fusion-RP80 250Â4.60 mm). The polyamine profile revealed the predominance of 2-hydroxyputrescine and putrescine, the chemotaxonomic data revealed that strain CC-KL-3
T possesses ubiquinone-8 as the major isoprenoid quinone, which was corroborated by a previous description [1] . The DNA G+C content analysis of strain CC-KL-3
T showed that the genomic G+C was 61.4±0.2 mol%, which is within the range for the genus Hydrogenophaga (61.6-69.9 mol%).
Taken together, the physiological, genetic, phylogenetic and chemotaxonomic data indicated that stain CC-KL-3
T was in accordance with the description of the genus Hydrogenophaga. Based on the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data provided, we recommend the classification of stain CC-KL-3
T as a novel strain affiliated to the genus Hydrogenophaga, for which the name Hydrogenophaga aquaticaa sp. nov. is proposed. The type strain, CC-KL-3 T (=BCRC 80937=JCM 31216 T ), was isolated from hot spring in Taiwan. 
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